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(57) ABSTRACT

A display method includes obtaining first information for
identifying a user, based on output of a first sensor, obtaining
second information which is related to a position of the user,
based on output of a second sensor, determining a first
direction based on the second information, determining a
type of an image based on a combination of the first
information and the second information, and projecting
image light representing the image of the type toward the
first direction with a projector.
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DISPLAY METHOD AND DISPLAY SYSTEM

[0001] The present application is based on, and claims
priority from JP Application Serial Number 2022-104773,
filed Jun. 29, 2022, the disclosure of which is hereby
incorporated by reference herein in its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a display method
and a display system.

2. Related Art

[0003] In International Patent Publication No. WO 2020/
031740 (Document 1), there is disclosed a technology of
adjusting a projection position and a projection orientation
of an image content based on environmental information
representing a use environment of a projector, and user
information related to a user who uses the projector.
[0004] For example, a method of determining the projec-
tion position, the content, and so on of the image content can
affect the convenience of the user, but that method is not
described in Document 1. Therefore, in the technology of
Document 1, it is difficult to enhance the convenience of the
user when the projector variable in projection direction is
used.

SUMMARY

[0005] A display method according to an aspect of the
present disclosure includes obtaining first information for
identifying a user, based on output of a first sensor, obtaining
second information which is related to a position of the user,
based on output of a second sensor, determining a first
direction based on the second information, determining a
type of an image based on a combination of the first
information and the second information, and projecting
image light representing the image of the type toward the
first direction with a projector.

[0006] A display system according to another aspect of the
present disclosure includes a first sensor, a second sensor, an
optical device configured to project image light, a drive
device configured to turn a direction in which the image light
is projected to a predetermined direction, and a processor,
wherein the processor is configured to execute obtaining first
information for identifying a user, based on output of the
first sensor, obtaining second information which is related to
a position of the user, based on output of the second sensor,
determining a first direction based on the second informa-
tion, determining a type of an image based on a combination
of the first information and the second information, and
controlling the optical device and the drive device to thereby
project the image light representing the image of the type
toward the first direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a perspective view of a display according
to a first embodiment.

[0008] FIG. 2 is a side view of the display system accord-
ing to the first embodiment.

[0009] FIG. 3 is a block diagram showing a functional
configuration of the display system according to the first
embodiment.
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[0010] FIG. 4 is a flowchart showing processing to be
executed by a processor in the first embodiment.

[0011] FIG. 5 is a plan view showing an installation
example of the display system.

[0012] FIG. 6 is a diagram showing a condition in which
a projection direction is turned to a first direction.

[0013] FIG. 7 is a diagram showing an example of a first
content selection table.

[0014] FIG. 8 is a diagram showing a condition in which
image light is projected toward the first direction.

[0015] FIG. 9 is a block diagram showing a functional
configuration of a display system according to a second
embodiment.

[0016] FIG. 10 is a flowchart showing processing to be
executed by a processor in the second embodiment.

[0017] FIG. 11 is a plan view showing an installation
example of the display system.

[0018] FIG. 12 is a diagram showing a condition in which
the projection direction is turned to the first direction.
[0019] FIG. 13 is a diagram showing an example of a
second content selection table.

[0020] FIG. 14 is a diagram showing a condition in which
image light is projected toward the first direction.

[0021] FIG. 15 is a block diagram showing a functional
configuration of a display system according to a third
embodiment.

[0022] FIG. 16 is a flowchart showing processing to be
executed by a processor in the third embodiment.

[0023] FIG. 17 is a plan view showing an installation
example of the display system.

[0024] FIG. 18 is a diagram showing an example of a
direction setting table.

[0025] FIG. 19 is a diagram showing a condition in which
the projection direction is turned to the first direction.
[0026] FIG. 20 is a diagram showing a condition in which
image light is projected toward the first direction.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0027] Some embodiments of the present disclosure will
hereinafter be described with reference to the drawings.
[0028] It should be noted that in each of the drawings
described below, the constituents are shown with the scale
ratios of respective sizes set differently between the con-
stituents in some cases in order to make each of the
constituents eye-friendly.

First Embodiment

[0029] First, a first embodiment of the present disclosure
will be described.

[0030] FIG. 1 is a perspective view showing an appear-
ance of a display system 1 according to the present embodi-
ment. FIG. 2 is a side view of the display system 1 shown
in FIG. 1. As shown in FIG. 1 and FIG. 2, the display system
1 is provided with a projector 10, a pedestal 20, and a drive
device 30.

[0031] The projector 10 projects image light [. on a
projection surface not shown to thereby display an image on
the projection surface. The projection surface can be a
dedicated projector screen, or can also be a wall surface or
the like. As an example, the projector 10 is a hexahedron
having six planes. On a front surface 11 of the projector 10,
there is disposed a light exit part 12 for emitting the image
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light . generated inside the projector In the following
description, a direction in which the image light L is
projected from the projector 10 is referred to as a “projection
direction Dp.” For example, the projection direction Dp is a
direction perpendicular to the front surface 11, and is a
direction of getting away from the projector 10.

[0032] The pedestal 20 is a support member for installing
the projector 10 at a predetermined place. The pedestal
supports the projector 10 and the drive device 30. As an
example, the pedestal 20 has a disc-like shape. The drive
device 30 is arranged on an upper surface 21 of the pedestal
20, and the pedestal 20 is coupled to a lower surface 13 of
the projector 10 via the drive device 30.

[0033] The drive device 30 turns a direction in which the
image light L is projected, namely the projection direction
Dp, to a predetermined direction. Specifically, as shown in
FIG. 2, the drive device 30 rotates the projector 10 around
at least one of a yaw axis Y and a pitch axis X to thereby turn
the projection direction Dp to the predetermined direction.
The drive device 30 has a first drive device 31 and a second
drive device 32.

[0034] The first drive device 31 rotates the projector
around the yaw axis Y. As an example, the first drive device
31 has a columnar shape smaller in diameter than the
pedestal 20. The first drive device 31 is arranged on the
upper surface 21 of the pedestal 20 in a state in which a
central axis of the first drive device 31 coincides with a
central axis of the pedestal 20. The central axis of the first
drive device 31 is the yaw axis Y. By the first drive device
31 rotating around the yaw axis Y, the projector 10 also
rotates around the yaw axis Y.

[0035] The second drive device 32 rotates the projector 10
around the pitch axis X. As an example, the second drive
device 32 has a semicircular column shape. Out of surfaces
provided to the second drive device 32, a surface extending
in a radial direction of the second drive device 32 is coupled
to the lower surface 13 of the projector 10. The second drive
device 32 is arranged on an upper end surface of the first
drive device 31 in a state in which a central axis of the
second drive device 32 is perpendicular to the yaw axis Y.
The central axis of the second drive device 32 is the pitch
axis X. By the second drive device 32 rotating around the
pitch axis X, the projector 10 also rotates around the pitch
axis X.

[0036] An operation of the drive device 30 configured as
described above is controlled by a processor 47 described
later. Specifically, a rotational operation around the yaw axis
Y of the first drive device 31 and a rotational operation
around the pitch axis X of the second drive device 32 are
each controlled by the processor 47. More specifically, by
each of a yaw angle 0 as a rotational angle around the yaw
axis Y of the first drive device 31 and a pitch angle o as a
rotational angle around the pitch axis X of the second drive
device 32 being controlled by the processor 47, the projec-
tion direction Dp is turned to the predetermined direction. As
described above, in the display system 1 according to the
present embodiment, the projection direction Dp of the
projector 10 is variable.

[0037] FIG. 3 is a block diagram schematically showing a
functional configuration of the display system 1. As shown
in FIG. 3, the display system 1 is provided with the projector
10 and the drive device 30 described above as constituents
having respective functions. Further, the projector 10 is
provided with an optical device 41, an input device 42, a
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communication device 43, a microphone array 44, a speaker
45, a memory 46, and the processor 47.

[0038] The optical device 41 is controlled by the processor
47 to thereby generate the image light L representing a color
image, and then project the image light L thus generated
toward the projection direction Dp. The optical device 41
has a first image generation panel 41a, a second image
generation panel 415, a third image generation panel 41¢, a
dichroic prism 414, and a projection optical system 41e.
[0039] The first image generation panel 41a generates red
image light LR representing a red image, and then emits the
red image light LR to the dichroic prism 41d. The first image
generation panel 41a has a plurality of pixels arranged in a
matrix, and each of the pixels emits red light. By the
processor 47 controlling an outgoing light intensity of the
red light for each of the pixels, the red image light LR is
emitted from the first image generation panel 41a.

[0040] The second image generation panel 415 generates
green image light LG representing a green image, and then
emits the green image light LG to the dichroic prism 41d.
The second image generation panel 415 has a plurality of
pixels arranged in a matrix, and each of the pixels emits
green light. By the processor 47 controlling an outgoing
light intensity of the green light for each of the pixels, the
green image light LG is emitted from the second image
generation panel 415.

[0041] The third image generation panel 41¢ generates
blue image light LB representing a blue image, and then
emits the blue image light LB to the dichroic prism 41d. The
third image generation panel 41c¢ has a plurality of pixels
arranged in a matrix, and each of the pixels emits blue light.
By the processor 47 controlling an outgoing light intensity
of the blue light for each of the pixels, the blue image light
LB is emitted from the third image generation panel 41c.
[0042] For example, each of the image generation panels
41a, 415, and 41c is a light-emitting electro-optic device
such as an OLED (Organic Light Emitting Diode) panel, or
a uLED (Micro Light Emitting Diode) panel. It should be
noted that each of the image generation panels 41a, 415, and
41c¢ can be a non-light-emitting electro-optic device such as
a liquid crystal panel or a DMD (Digital Micromirror
Device). When each of the image generation panels 41a,
41b, and 41c is the non-light-emitting electro-optic device,
the light from a light source not shown such as an LED is
separated into the red light, the green light, and the blue
light. The red light enters the first image generation panel
41a. The green light enters the second image generation
panel 415. The blue light enters the third image generation
panel 41c¢. Further, it is also possible to emit light beams of
the respective colors in a time-sharing manner using a
single-plate image generation panel.

[0043] The dichroic prism 414 combines the red image
light LR, the green image light L.G, and the blue image light
LB with each other to thereby generate image light L
representing a color image and then emit the image light L
to the projection optical system 41e. The projection optical
system 41e is constituted by a plurality of optical elements
such as a lens, and projects the image light L. emitted from
the dichroic prism 41d toward the projection direction Dp in
an enlarged manner. Although not shown in the drawings,
the projection optical system 41e is provided with mecha-
nisms capable of adjusting optical parameters such as a shift
amount of a lens, a focus amount of a lens, and a zooming
amount of a lens. By those mechanisms being controlled by



US 2024/0007597 Al

the processor 47, the optical parameters of the projection
optical system 41e are adjusted.

[0044] The input device 42 accepts an input operation by
the user to the projector 10. As an example, the input device
42 includes an operation unit 42¢ and a light receiver 4254.
The operation unit 42a is constituted by a plurality of
operation keys provided to the projector 10. For example,
the operation keys include a power key, a menu invocation
key, directional keys, a decision key, and a volume control
key. The operation keys can be hardware keys, or can also
be software keys displayed on a touch panel provided to the
projector 10. The operation unit 42a outputs an electric
signal, which is generated by each of the operation keys
being operated by the user, to the processor 47 as an
operation signal.

[0045] The light receiver 426 includes a photoelectric
conversion circuit which receives infrared light transmitted
from a remote controller (not shown) of the projector 10, and
which converts the infrared light into the electric signal. The
light receiver 426 outputs the electric signal which is
obtained by performing the photoelectric conversion on the
infrared light to the processor 47 as a remote operation
signal. To the remote controller, there is provided a plurality
of operation keys similarly to the operation unit 42a. The
remote controller converts the electric signal generated by
each of the operation keys provided to the remote controller
being operated by the user into infrared light, and then
transmits the infrared light to the projector 10. In other
words, the remote operation signal output from the light
receiver 425 is substantially the same as the electric signal
generated by the user operating each of the operation keys
of the remote controller. It should be noted that when the
remote controller transmits a radio signal in accordance with
a near field communication standard such as Bluetooth (a
registered trademark), it is possible to dispose a receiver
device for receiving the radio signal instead of the light
receiver 42b.

[0046] The communication device 43 accesses the Internet
via a wireless LAN (Local Area Network) compatible with
a wireless communication standard such as Wi-Fi (a regis-
tered trademark) in accordance with an instruction from the
processor 47 to communicate with a video content delivery
server (not shown) as an Internet server which provides
video content delivery service. The communication device
43 outputs the video signal received from the video content
delivery server to the processor 47.

[0047] The microphone array 44 has a plurality of micro-
phones arranged at predetermined intervals. Each of the
microphones converts a voice of the user into the electric
signal. The microphone array 44 outputs the electric signals
obtained from the plurality of microphones to the processor
47 as voice signals. The speaker 45 is controlled by the
processor 47 to thereby output a voice having a predeter-
mined volume.

[0048] The memory 46 includes a nonvolatile memory for
storing a program and a variety of types of setting data
necessary to make the processor 47 execute a variety of
types of processing, and a volatile memory to be used as a
temporary storage of data when the processor 47 executes a
variety of types of processing. For example, the nonvolatile
memory is an EEPROM (Electrically Erasable Program-
mable Read-Only Memory) or a flash memory. The volatile
memory is, for example, a RAM (Random Access Memory).
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[0049] The processor 47 is an arithmetic processing device
for controlling operations of the projector 10 and the drive
device 30 in accordance with the program stored in advance
in the memory 46. Citing an example, the processor 47 is
formed of a single CPU (Central Processing Unit) or a
plurality of CPUs. Some or all of the functions of the
processor 47 can also be configured by a circuit such as a
DSP (Digital Signal Processor), an ASIC (Application Spe-
cific Integrated Circuit), a PLD (Programmable Logic
Device), or an FPGA (Field Programmable Gate Array). The
processor 47 executes a variety of types of processing in
parallel or in sequence.

[0050] The processor 47 controls the drive device 30, the
optical device 41, and the speaker 45 based on the operation
signal input from the operation unit 424, the remote opera-
tion signal input from the light receiver 424, the voice
signals input from the microphone array 44, and the video
signal input from the communication device 43. The details
of the processing to be executed by the processor 47 will be
described later.

[0051] Then, an operation of the display system 1 config-
ured as described above will be described.

[0052] FIG. 4 is a flowchart showing first display process-
ing to be executed by the processor 47 in the first embodi-
ment. When the voice signals are input to the processor 47
from the microphone array 44 in a period in which the
processor 47 operates in a voice standby mode for awaiting
input of the voice signals, the processor 47 retrieves the
program from the memory 46 and then executes the program
to thereby execute the first display processing shown in FI1G.
4. By the processor 47 executing the first display processing,
a display method according to the first embodiment is
realized.

[0053] FIG. 5 is a plan view showing an installation
example of the display system 1. In the example shown in
FIG. 5, the display system 1 is installed at the center in a
room 200 disposed at home of the user 100. The room 200
has a north side wall surface 210 located at the north (N)
side, a south side wall surface 210 located at the south (S)
side, an east side wall surface 210 located at the east (E) side,
and a west side wall surface 210 located at the west (W) side.
In the following description, as shown in FIG. 5, it is
assumed that the processor 47 operates in the voice standby
mode in a state in which the projection direction Dp of the
projector 10 is a southward direction, and at the same time,
the user 100 is located at the west side of the display system
1.

[0054] When the user 100 utters in the situation shown in
FIG. 5, the voice signals are output to the processor 47 from
the microphone array 44. When the voice signals are input
to the processor 47 from the microphone array 44 in the
period in which the processor 47 operates in the voice
standby mode, the processor 47 starts the first display
processing shown in FIG. 4.

[0055] As shown in FIG. 4, when the processor 47 starts
the first display processing, the processor 47 first performs
(step S1) user authentication based on the voice signals input
from the microphone array 44 and user information stored in
advance in the memory 46. The step S1 includes the steps
Sla, S1b, Slc, and S1d.

[0056] The user information is information related to a
plurality of users registered as valid users of the display
system 1. The users registered as the valid users of the
display system 1 are hereinafter referred to as “registered
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users.” As an example, the user information includes user
IDs of the registered users, and registered voiceprint data
associated with the user IDs. The user ID is identification
information of the registered user. For example, the user ID
can be a name of the registered user, or can also be an
identification number assigned individually to the registered
user.

[0057] The registered voiceprint data is voiceprint data of
the registered user obtained by analyzing the voice of the
registered user in advance.

[0058] Specifically, in the step S1, the processor 47 first
performs frequency analysis on at least one of the voice
signals out of the voice signals output from the plurality of
microphones included in the microphone array 44 to thereby
obtain (step Sla) the voiceprint data of the user 100.
[0059] Subsequently, the processor 47 determines (step
S15) whether or not the registered voiceprint data coinciding
with the voiceprint data of the user 100 is present in the user
information. When the registered voiceprint data coinciding
with the voiceprint data of the user 100 is present in the user
information (Yes in the step S15), the processor 47 obtains
(step Slc) the user ID associated with the registered voice-
print data coinciding with the voiceprint data of the user 100
out of the user IDs included in the user information as the
user ID of the user 100.

[0060] On the other hand, when the registered voiceprint
data coinciding with the voiceprint data of the user 100 is not
present in the user information (No in the step S15), the
processor 47 controls (step S1d) the speaker 45 so as to
output a sound of notifying the user 100 of the fact that the
user authentication has failed. After the processor 47
executes the step S1d, the processor 47 terminates the first
display processing to return to the voice standby mode.
[0061] As described above, in the step S1, the processor
47 executes obtaining first information of identifying the
user 100 based on the output of a first sensor. In other words,
the display method according to the first embodiment
includes obtaining the first information of identifying the
user 100 based on the output of the first sensor. In the first
embodiment, the user ID of the user 100 corresponds to the
first information, and the microphone array 44 corresponds
to the first sensor.

[0062] Further, in the display method according to the first
embodiment, the microphone array 44 as the first sensor has
at least one microphone, and obtaining the first information
includes obtaining the voiceprint data of the user 100 based
on the output of at least one microphone, and obtaining the
identification information representing the user 100 as the
first information based on the voiceprint data. In the first
embodiment, the user ID of the user 100 corresponds to the
identification information representing the user 100. It
should be noted that since the user authentication technology
with the voice is a generally known technology, the detailed
description related to the step S1 will be omitted in the
present embodiment.

[0063] Subsequently, the processor 47 determines (step
S2) a sound source direction Ds based on the voice signals
input from the microphone array 44. The sound source
direction Ds means a direction at which a sound source is
located with respect to the microphone array 44. It should be
noted that since the user 100 is the sound source, the sound
source direction Ds can be reworded as a direction in which
the user 100 is located with respect to the microphone array
44.
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[0064] When distances from the respective microphones
included in the microphone array 44 to the sound source are
different from each other, there occur time differences
between times at which a sound wave reaches the respective
microphones from the sound source. The differences occur-
ring between the times at which the sound wave reaches the
respective microphones from the sound source are herein-
after referred to as “sound-wave arrival time differences.” A
technology of determining or calculating the sound source
direction Ds based on such sound-wave arrival time differ-
ences is generally known as a source localization technol-
ogy. As an example, in the first embodiment, by using this
source localization technology, the sound source direction
Ds is determined.

[0065] In other words, in the step S2, the processor 47
calculates the sound-wave arrival time differences based on
the voice signals output from the plurality of microphones
included in the microphone array 44, and then determines
the sound source direction Ds based on the sound-wave
arrival time differences thus calculated. As described above,
since the source localization technology is a generally
known technology, the detailed description related to the
step S2 will be omitted. For example, as shown in FIG. 5,
when the user 100 is located at the west side of the display
system 1, the processor 47 determines “west” as the sound
source direction Ds. It should be noted that when determin-
ing a variety of directions as orientations, it is possible to use
an orientation sensor not shown, and it is possible for the
processor 47 to refer to information which is stored in
advance in the memory 46, and which represents a corre-
spondence relationship between the directions and the ori-
entations with reference to the projector 10.

[0066] As described above, in the step S2, the processor
47 executes obtaining second information related to the
position of the user 100 based on the output of a second
sensor. In other words, the display method according to the
first embodiment includes obtaining the second information
related to the position of the user 100 based on the output of
the second sensor. The second information includes infor-
mation representing a second direction in which the user 100
is located with respect to the second sensor. In the first
embodiment, the microphone array 44 corresponds to the
second sensor, the sound source direction Ds, namely a
direction in which the user 100 is located with respect to the
microphone array 44, corresponds to the second direction,
and the information representing the second direction cor-
responds to the second information. As described above, it
is possible for the first sensor and the second sensor to be the
same sensor, and it is also possible for the first sensor and the
second sensor to be sensors different from each other.
[0067] Further, in the display method according to the first
embodiment, the microphone array 44 as the second sensor
has the plurality of microphones, and obtaining the second
information includes calculating time differences between
the times at which the sound wave reaches the respective
microphones from the sound source, namely the sound-wave
arrival time differences, based on the output of the plurality
of microphones, and determining the sound source direction
Ds as the second direction based on the time differences.
[0068] As shown in FIG. 4, the processor 47 executes the
step S2 described above, and then determines (step S3) the
first direction D1 based on the sound source direction Ds.
Specifically, in the step S3, the processor 47 determines an
opposite direction to the sound source direction Ds as the
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first direction D1. For example, as shown in FIG. 5, when
the processor 47 has determined “west” as the sound source
direction Ds, the processor 47 determines “east,” which is an
opposite direction to the sound source direction Ds, as the
first direction D1.

[0069] As described above, in the step S3, the processor
47 executes determining the first direction D1 based on the
information representing the sound source direction Ds as
the second information. In other words, the display method
according to the first embodiment includes determining the
first direction D1 based on the second information. Deter-
mining the first direction D1 includes determining the oppo-
site direction to the sound source direction Ds which is the
second direction as the first direction D1.

[0070] As shown in FIG. 4, the processor 47 executes the
step S3 described above, and then controls (step S4) the
drive device 30 so that the projection direction Dp of the
projector 10 is turned to the first direction D1. More spe-
cifically, in the step S4, the processor 47 controls the yaw
angle 0 of the first drive device 31 and the pitch angle a of
the second drive device 32 so that the projection direction
Dp of the projector 10 is turned to the first direction D1.
[0071] FIG. 6 is a diagram showing a condition in which
the projection direction Dp of the projector 10 is turned to
the first direction D1. For example, as described with
reference to FIG. 5, when the processor 47 determines “east”
as the first direction D1 in the state in which the projection
direction Dp of the projector 10 is set in the southward
direction, the processor 47 controls the drive device 30 so
that the projection direction Dp of the projector 10 is turned
from south to east. As a result, as shown in FIG. 6, by the
projector 10 rotating 90 degrees counterclockwise centering
on the yaw axis Y, the projection direction Dp of the
projector 10 is turned to east.

[0072] As shown in FIG. 4, the processor 47 executes the
step S4 described above, and then determines (step S5) a
projection content based on a combination of the user ID of
the user 100 and the sound source direction Ds. The pro-
jection content means a video content which is projected as
the image light [ from the projector 10 to thereby be
provided to the user 100. The video content means an image
product or a broadcast program belonging to a video genre
such as movie, TV drama, animation, weather, politics,
economy, or sport.

[0073] Specifically, in the step S5, the processor 47 deter-
mines the projection content based on the combination of the
user 1D of the user 100 and the sound source direction Ds,
and a first content selection table stored in advance in the
memory 46. FIG. 7 is a diagram showing an example of the
first content selection table. As shown in FIG. 7, the first
content selection table is data representing correspondence
relationships between combinations of the user IDs and the
sound source directions Ds, and the video genres.

[0074] For example, in the first content selection table, the
combination of the user ID corresponding to “user A” and
the sound source direction Ds corresponding to “west” is
associated with “movie” as the video genre. Further, in the
first content selection table, the combination of the user 1D
corresponding to “user B and the sound source direction Ds
corresponding to “east” is associated with “weather” as the
video genre. Further, in the first content selection table, the
combination of the user ID corresponding to “user C” and
the sound source direction Ds corresponding to “south” is
associated with “animation” as the video genre.
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[0075] In the step S5, the processor 47 first selects the
video genre corresponding to the combination of the user ID
of the user 100 and the sound source direction Ds from the
video genres included in the first content selection table. For
example, when “user A” is obtained as the user ID of the
user 100 in the step S1, and “west” is determined as the
sound source direction Ds in the step S2, the processor 47
selects “movie” from the video genres included in the first
content selection table.

[0076] For example, the processor 47 selects the video
genre, and then communicates with the video content deliv-
ery server via the communication device 43 to thereby
obtain a delivery list of the video contents belonging to the
video genre thus selected from the video content delivery
server. The processor 47 generates the delivery list image
including the delivery list, and a message of requiring the
user 100 to perform an operation of selecting the video
content from the delivery list. The processor 47 controls the
optical device 41 so that the image light L representing the
delivery list image is projected.

[0077] FIG. 8 is a diagram showing a condition in which
the image light L is projected toward the first direction D1.
For example, as shown in FIG. 8, when the processor 47
controls the optical device 41 so that the image light L
representing the delivery list image is projected in the state
in which the projection direction Dp of the projector 10 is
turned to east as an example of the first direction D1, the
image light L is projected eastward from the projector 10. As
a result, the delivery list image is displayed on an east side
wall surface 230 located at the east side, namely a front
direction side of the user 100 out of the wall surfaces of the
room 200.

[0078] For example, the user 100 performs the operation
of'selecting the video content from the delivery list using the
remote controller while looking at the delivery list image
displayed on the east side wall surface 230. When the
processor 47 determines that the operation of selecting the
video content from the delivery list has been received based
on a remote operation signal input from the light receiver
42b6 during a period in which the delivery list image is
displayed, the processor 47 determines the video content
selected by the user 100 as the projection content.

[0079] Alternatively, it is possible for the processor 47 to
determine the projection content by executing the following
processing. For example, when the video signals of a
plurality of video contents belonging to each of the video
genres are stored in advance in the memory 46, the projector
47 generates an archive list of the video contents belonging
to the video genre thus selected. The processor 47 generates
an archive list image including the archive list, and a
message of requiring the user 100 to perform an operation of
selecting the video content from the archive list. The pro-
cessor 47 controls the optical device 41 so that the image
light L representing the archive list image is projected.
[0080] For example, the user 100 performs the operation
of selecting the video content from the archive list using the
remote controller while looking at the archive list image
displayed. When the processor 47 determines that the opera-
tion of selecting the video content from the archive list has
been received based on the remote operation signal input
from the light receiver 426 during a period in which the
archive list image is displayed, the processor 47 determines
the video content selected by the user 100 as the projection
content.
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[0081] As described above, in the step S5, the processor
47 executes determining a type of the image based on a
combination of the first information and the second infor-
mation. In other words, the display method according to the
first embodiment includes determining the type of the image
based on the combination of the first information and the
second information. In the first embodiment, the user ID of
the user 100 corresponds to the first information, the infor-
mation representing the sound source direction Ds corre-
sponds to the second information, and the projection content
corresponds to the type of the image. In other words, the
type of the image means the video content such as the image
product or the broadcast program classified according to the
video genre.

[0082] As shown in FIG. 4, the processor 47 executes the
step S5 described above, and then controls (step S6) the
optical device 41 so that the image light L representing the
image of the projection content is projected. Specifically, in
the step S6, the processor 47 receives the video signal of the
video content determined as the projection content from the
video content delivery server via the communication device
43, or retrieves that video signal from the memory 46. Then,
the processor 47 controls the optical device 41 so that the
image light L representing the image based on the image
data included in the video signal is projected, and controls
the speaker 45 so that the sound based on the audio data
included in the video signal is output.

[0083] For example, as shown in FIG. 8, when the pro-
cessor 47 controls the optical device 41 so that the image
light L representing the image of the projection content is
projected in the state in which the projection direction Dp of
the projector 10 is turned to east as an example of the first
direction D1, the image light L. is projected eastward from
the projector 10. As a result, the image of the video content
determined as the projection content is displayed on the east
side wall surface 230 located at the front direction side of the
user 100 out of the wall surfaces of the room 200.

[0084] As described above, in the steps S4 and S6, the
processor 47 controls the optical device 41 and the drive
device 30 to thereby execute projecting the image light L.
representing the image of the projection content as the image
of the determined type toward the first direction D1. In other
words, the display method according to the first embodiment
includes projecting the image light L representing the image
of the determined type toward the first direction D1 with the
projector 10.

Advantages of First Embodiment

[0085] As described above, the display method according
to the first embodiment includes obtaining the user ID as the
first information for identifying the user 100 based on the
output of the microphone array 44 as the first sensor,
obtaining the information representing the sound source
direction Ds as the second information related to the position
of the user 100 based on the output of the microphone array
44 as the second sensor, determining the first direction D1
based on the second information, determining the projection
content as the type of the image based on the combination
of the first information and the second information, and
projecting the image light L. representing the image of the
projection content as the image of the determined type
toward the first direction D1 with the projector 10.

[0086] The video content demanded by the user 100 is
different not only by an individual attribute such as the age,

Jan. 4, 2024

the gender, a job, or a hobby but also by the position of the
user 100 in some cases. In the display method according to
the first embodiment, the projection content is determined
based on the first information of identifying the user 100 and
the second information related to the position of the user
100, and the image light L representing the image of the
projection content is projected toward the first direction D1
determined based on the second information.

[0087] Thus, there is increased the possibility that the
image of the video content suitable for the individual
attribute and the position of the user 100 is displayed on the
projection surface which is easy for the user 100 to visually
recognize. Therefore, according to the display method in the
first embodiment, it is possible to enhance the convenience
of the user 100 when using the projector 10 the projection
direction Dp of which is variable.

[0088] In the display method according to the first
embodiment, the second information includes the informa-
tion representing the sound source direction Ds as the
second direction in which the user 100 is located with
respect to the microphone array 44 as the second sensor, and
determining the first direction D1 includes determining the
opposite direction to the sound source direction Ds which is
the second direction as the first direction D1.

[0089] As described above, by determining the opposite
direction to the second direction in which the user 100 is
located with respect to the second sensor as the first direction
D1, it is possible to display the image of the projection
content on the projection surface which is located at the front
direction side of the user 100, namely the projection surface
which is easy for the user 100 to visually recognize, and
therefore, the convenience of the user 100 is enhanced.
[0090] In the display method according to the first
embodiment, determining the projection content as the type
of the image includes determining the projection content as
the type of the image based on the combination of the user
ID as the first information and the sound source direction Ds
as the second direction.

[0091] As described above, by determining the projection
content based on the combination of the user ID as the first
information and the sound source direction Ds as the second
direction, it is possible to display the image of the video
content suitable for the combination of the individual attri-
bute of the user 100 and the second direction in which the
user 100 is located on the projection surface located at the
front direction side of the user 100, and therefore, the
convenience of the user 100 is enhanced.

[0092] In the display method according to the first
embodiment, the microphone array 44 as the second sensor
has the plurality of microphones, and obtaining the second
information includes calculating the time differences
between the times at which the sound wave reaches the
respective microphones from the sound source based on the
output of the plurality of microphones, and determining the
sound source direction Ds as the second direction based on
the time differences.

[0093] As described above, by calculating the time differ-
ences between the times at which the sound wave reaches
the respective microphones from the sound source based on
the output of the respective microphones, it is possible to
accurately obtain the sound source direction Ds as the
direction in which the sound source is located with respect
to the second sensor as the second direction in which the
user 100 is located.
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[0094] In the display method according to the first
embodiment, the microphone array 44 as the first sensor has
at least one microphone, and obtaining the first information
includes obtaining the voiceprint data of the user 100 based
on the output of at least one microphone, and obtaining user
ID as the identification information representing the user
100 as the first information based on the voiceprint data.
[0095] As described above, by obtaining the voiceprint
data as biological data unique to the user 100 based on the
output of at least one microphone, it is possible to accurately
obtain the user ID of the user 100 as the first information.
Further, as in the first embodiment, since the first sensor and
the second sensor are the same sensor, namely the micro-
phone array 44, it is possible to obtain both of the first
information and the second information based on the output
of that single sensor.

[0096] The display system 1 according to the first embodi-
ment is provided with the microphone array 44 as the first
sensor, the microphone array 44 as the second sensor, the
optical device 41 for projecting the image light L, the drive
device 30 for turning the direction in which the image light
L is projected to the predetermined direction, and the pro-
cessor 47. The processor 47 executes obtaining the user ID
as the first information for identifying the user 100 based on
the output of the first sensor, obtaining the information
representing the sound source direction Ds as the second
information related to the position of the user 100 based on
the output of the second sensor, determining the first direc-
tion D1 based on the second information, determining the
projection content as the type of the image based on the
combination of the first information and the second infor-
mation, and projecting the image light L. representing the
image of the projection content as the image of the deter-
mined type toward the first direction D1 by controlling the
optical device 41 and the drive device 30.

[0097] In the display system 1 according to the first
embodiment, the projection content is determined based on
the first information of identifying the user 100 and the
second information related to the position of the user 100,
and the image light L representing the image of the projec-
tion content is projected toward the first direction D1
determined based on the second information.

[0098] Thus, there is increased the possibility that the
image of the video content suitable for the individual
attribute and the position of the user 100 is displayed on the
projection surface which is easy for the user 100 to visually
recognize. Therefore, according to the display system 1 in
the first embodiment, it is possible to enhance the conve-
nience of the user 100 when using the projector 10 the
projection direction Dp of which is variable.

Second Embodiment

[0099] A second embodiment of the present disclosure
will hereinafter be described. In each of the aspects illus-
trated hereinafter, constituents common to those of the first
embodiment are denoted by the same reference symbols as
those used in the first embodiment, and the detailed descrip-
tion thereof will arbitrarily be omitted.

[0100] FIG. 9 is a block diagram schematically showing a
functional configuration of a display system 2 according to
the second embodiment. As shown in FIG. 9, the display
system 2 is provided with a projector 10A and the drive
device 30 as constituents having respective functions. The
projector 10A according to the second embodiment coin-
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cides with the projector 10 according to the first embodiment
in the point that there are provided the optical device 41, the
input device 42, the communication device 43, the speaker
45, the memory 46, and the processor 47.

[0101] The projector 10A is different from the projector 10
in the point that a microphone 48 is provided as the first
sensor instead of the microphone array 44. Further, the
projector 10A is different from the projector 10 in the point
that a first camera 49 is provided as the second sensor. The
difference between the second embodiment and the first
embodiment will hereinafter be described in detail.

[0102] The microphone 48 converts the voice of the user
100 into an electric signal, and then outputs the electric
signal to the processor 47 as the voice signal. The first
camera 49 is a digital camera for taking an image in one
direction. The first camera 49 is attached to the projector
10A so as to take an image in the projection direction Dp. In
other words, the first camera 49 is attached to the projector
10A so that the imaging direction of the first camera 49
coincides with the projection direction Dp. The first camera
49 outputs taken image data representing a taken image to
the processor 47.

[0103] Then, an operation of the display system 2 config-
ured as described above will be described.

[0104] FIG. 10 is a flowchart showing second display
processing to be executed by the processor 47 in the second
embodiment. When the voice signal is input to the processor
47 from the microphone 48 in a period in which the
processor 47 operates in the voice standby mode, the pro-
cessor 47 retrieves the program from the memory 46 and
then executes the program to thereby execute the second
display processing shown in FIG. 10. By the processor 47
executing the second display processing, a display method
according to the second embodiment is realized.

[0105] FIG. 11 is a plan view showing an installation
example of the display system 2. In the example shown in
FIG. 11, the display system 2 is installed at the center in the
room 200 disposed at home of the user 100 similarly to the
example shown in FIG. 5. In the following description, as
shown in FIG. 11, it is assumed that the processor 47
operates in the voice standby mode in a state in which the
projection direction Dp of the projector 10A is an eastward
direction, and at the same time, the user 100 is located at the
east side of the display system 2. In this case, the first camera
49 takes an image in the eastward direction as the same
direction as the projection direction Dp.

[0106] When the user 100 utters in the situation shown in
FIG. 11, the voice signal is output to the processor 47 from
the microphone 48. When the voice signal is input to the
processor 47 from the microphone 48 in the period in which
the processor 47 operates in the voice standby mode, the
processor 47 starts the second display processing shown in
FIG. 10.

[0107] As shown in FIG. 10, when the processor 47 starts
the second display processing, the processor 47 first per-
forms (step S11) the user authentication based on the voice
signal input from the microphone 48 and the user informa-
tion stored in advance in the memory 46. The step S11
includes the steps Sl1la, S115, S1lc, and S11d. Since the
processing in the step S11 in the second display processing
is substantially the same as the processing in the step S1 in
the first display processing, the processing in the step S11
will hereinafter be briefly described.
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[0108] In the step S11, the processor 47 first performs the
frequency analysis on the voice signal output from the
microphone 48 to thereby obtain (step S11a) the voiceprint
data of the user 100. The processor 47 determines (step
S114) whether or not the registered voiceprint data coincid-
ing with the voiceprint data of the user 100 is present in the
user information. When the registered voiceprint data coin-
ciding with the voiceprint data of the user 100 is present in
the user information (Yes in the step S115), the processor 47
obtains (step S11¢) the user ID associated with the registered
voiceprint data coinciding with the voiceprint data of the
user 100 out of the user IDs included in the user information
as the user ID of the user 100.

[0109] On the other hand, when the registered voiceprint
data coinciding with the voiceprint data of the user 100 is not
present in the user information (No in the step S115), the
processor 47 controls (step S11d) the speaker 45 so as to
output a sound of notifying the user 100 of the fact that the
user authentication has failed. After the processor 47
executes the step S11d, the processor 47 terminates the
second display processing to return to the voice standby
mode.

[0110] As described above, in the step S11, the processor
47 executes obtaining the first information of identifying the
user 100 based on the output of the first sensor. In other
words, the display method according to the second embodi-
ment includes obtaining the first information of identifying
the user 100 based on the output of the first sensor. In the
second embodiment, the user ID corresponds to the first
information, and the microphone 48 corresponds to the first
sensor.

[0111] Further, in the display method according to the
second embodiment, the first sensor has at least one micro-
phone 48, and obtaining the first information includes
obtaining the voiceprint data of the user 100 based on the
output of at least one microphone 48, and obtaining the user
ID which is the identification information representing the
user 100 as the first information based on the voiceprint data.

[0112] Subsequently, the processor 47 determines (step
S12) a user direction Du based on the taken image data input
from the first camera 49. The user direction Du means a
direction in which the user 100 is located with respect to the
first camera 49. For example, as shown in FIG. 11, when the
first camera 49 takes the image in the eastward direction as
the projection direction Dp in the state in which the user 100
is located at the east side of the display system 2, the taken
image data representing the taken image in which the user
100 shows up is output from the first camera 49 to the
processor 47.

[0113] The user information in the second embodiment
includes facial identification information associated with the
user 1D in addition to the user ID of the registered user, and
the registered voiceprint data. The facial identification infor-
mation is information for identifying a face of the registered
user. In the step S12, the processor 47 obtains the facial
identification information associated with the user ID of the
user 100 out of the facial identification information included
in the user information. Then, the processor 47 performs an
image analysis of the taken image based on the taken image
data and the facial identification information to thereby
determine an image area corresponding to the face of the
user 100 out of an image area included in the taken image
as a user image area.
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[0114] In the second embodiment, a coordinate conversion
formula for converting the coordinate in the image coordi-
nate system of the taken image into a coordinate in a
coordinate system representing a movable range of the
projection direction Dp is stored in advance in the memory
46. The coordinate system representing the movable range
of the projection direction Dp is a coordinate system defined
by the yaw angle 6 and the pitch angle a. In the step S12,
the processor 47 converts the central coordinate of the user
image area in the image coordinate system into the coordi-
nate defined by the yaw angle 6 and the pitch angle o based
on this coordinate conversion formula. The coordinate
obtained by such coordinate conversion represents the direc-
tion in which the user 100 is located with respect to the first
camera 49. In other words, the processor 47 obtains the
direction corresponding to the coordinate obtained by the
coordinate conversion as the user direction Du. For example,
the processor 47 obtains the orientation corresponding to the
coordinate as the user direction Du with reference to the
table representing the correspondence relationship between
the orientations stored in advance in the memory 46 and the
coordinate system representing the movable range of the
projection direction Dp. As shown in FIG. 11, when the user
100 is located at the east side of the display system 2, the
processor 47 obtains “east” corresponding to the coordinate
as the user direction Du. It should be noted that it is possible
for the processor 47 to obtain the coordinate itself in the
coordinate system representing the movable range of the
projection direction Dp as the user direction Du.

[0115] As described above, in the step S12, the processor
47 executes obtaining the second information related to the
position of the user 100 based on the output of the second
sensor. In other words, the display method according to the
second embodiment includes obtaining the second informa-
tion related to the position of the user 100 based on the
output of the second sensor. The second information
includes information representing the second direction in
which the user 100 is located with respect to the second
sensor. In the second embodiment, the first camera 49
corresponds to the second sensor, the user direction Du,
namely a direction in which the user 100 is located with
respect to the first camera 49, corresponds to the second
direction, and the information representing the second direc-
tion corresponds to the second information.

[0116] Further, in the display method according to the
second embodiment, obtaining the second information
includes obtaining the first image including the user 100
based on the output of the first camera 49, and determining
the user direction Du as the second direction based on the
first image. As described above, out of the taken image
obtained from the first camera 49, the taken image in which
the user 100 shows up corresponds to the first image.

[0117] It should be noted that when the user image area is
not present in the taken image obtained when starting the
step S12, it is conceivable that the user 100 is not present in
the projection direction Dp as the imaging direction of the
first camera 49. Therefore, when the user image area is not
present in the taken image obtained when starting the step
S12, the processor 47 obtains the taken image data from the
first camera 49 at predetermined time intervals while con-
trolling the drive device 30 so that the projector 10A makes
one revolution around the yaw axis Y. Further, the processor
47 determines whether or not the user image area is present
in the taken image every time the processor 47 obtains the
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taken image data. When the processor 47 determines that the
user image area is present in the taken image, the processor
47 stops the control of the drive device 30 and executes the
coordinate conversion described above to thereby determine
the user direction Du.

[0118] As shown in FIG. 10, the processor 47 executes the
step S12 described above, and then determines (step S13)
the first direction D1 based on the user direction Du.
Specifically, in the step S13, the processor 47 determines an
opposite direction to the user direction Du as the first
direction D1. For example, as shown in FIG. 11, when the
processor 47 has determined “east” as the user direction Du,
the processor 47 determines “west,” which is an opposite
direction to the user direction Du, as the first direction D1.
[0119] As described above, in the step S13, the processor
47 executes determining the first direction D1 based on the
information representing the user direction Du as the second
information. In other words, the display method according to
the second embodiment includes determining the first direc-
tion D1 based on the information representing the user
direction Du as the second information. Determining the
first direction D1 includes determining the opposite direc-
tion to the user direction Du which is the second direction as
the first direction D1.

[0120] As shown in FIG. 10, the processor 47 executes the
step S13 described above, and then controls (step S14) the
drive device 30 so that the projection direction Dp of the
projector 10A is turned to the first direction D1. More
specifically, in the step S14, the processor 47 controls the
yaw angle 0 of the first drive device 31 and the pitch angle
a of the second drive device 32 so that the projection
direction Dp of the projector 10A is turned to the first
direction D1. Thus, the imaging direction of the first camera
49 is also turned to the first direction D1.

[0121] FIG. 12 is a diagram showing a condition in which
the projection direction Dp of the projector 10A is turned to
the first direction D1. For example, as described with
reference to FIG. 11, when the processor 47 determines
“west” as the first direction D1 in the state in which the
projection direction Dp of the projector 10A is set in the
eastward direction, the processor 47 controls the drive
device 30 so that the projection direction Dp of the projector
10A is turned from east to west. As a result, as shown in FIG.
12, by the projector 10A rotating 180 degrees counterclock-
wise centering on the yaw axis Y, the projection direction Dp
of the projector 10A is turned to west. In this case, the
imaging direction of the first camera 49 is also turned to
west.

[0122] As shown in FIG. 10, the processor 47 executes the
step S14 described above, and then determines (step S15) a
viewing place based on the taken image data input from the
first camera 49. The viewing place means a place where the
user 100 is located.

[0123] For example, as shown in FIG. 12, when the first
camera 49 takes the image in the first direction D1 in the
state in which the projection direction Dp is turned to “west”
as the first direction D1, the taken image data representing
the taken image in which an area located at the first direction
D1 side out of the area in the room 200, namely an area at
the west side including the west side wall surface 240, shows
up is output from the first camera 49 to the processor 47.
[0124] In the step S15, the processor 47 determines one of
a plurality of viewing place candidates as the viewing place
based on the taken image data. For example, in the plurality

Jan. 4, 2024

of viewing place candidates, there are included rooms such
as a living room, a bedroom, and a washroom. In the
memory 46, as reference image data, there is stored in
advance image data obtained by imaging the inside of the
rooms as the viewing place candidates using the first camera
49.

[0125] Specifically, in the step S15, the processor 47
calculates the similarity between the taken image repre-
sented by the taken image data and a reference image
represented by the reference image data using image pro-
cessing such as pattern matching. The reference image is an
image obtained by imaging the inside of the room as the
viewing place candidate using the first camera 49 as
described above. Further, the processor 47 determines the
viewing place candidate where the reference image the
highest in similarity to the taken image is obtained out of the
plurality of viewing place candidates as the viewing place.
[0126] As described above, in the display method accord-
ing to the second embodiment, the second information
related to the position of the user 100 further includes
information representing the viewing place as a place where
the user 100 is located in addition to the information
representing the user direction Du as the second direction in
which the user 100 is located. Further, in the display method
according to the second embodiment, obtaining the second
information includes obtaining a second image including an
area located in the first direction D1 based on the output of
the first camera 49, and determining the viewing place based
on the second image. As described above, out of the taken
image obtained from the first camera 49, the taken image
obtained by taking the image in the first direction D1
corresponds to the second image.

[0127] As shown in FIG. 10, the processor 47 executes the
step S15 described above, and then determines (step S16)
the projection content based on a combination of the user ID
of the user 100 and the viewing place. Specifically, in the
step S16, the processor 47 determines the projection content
based on the combination of the user ID of the user 100 and
the viewing place, and a second content selection table
stored in advance in the memory 46. FIG. 13 is a diagram
showing an example of the second content selection table.
As shown in FIG. 13, the second content selection table is
data representing correspondence relationships between the
combinations of the user IDs and the viewing places, and the
video genres.

[0128] For example, in the second content selection table,
the combination of the user ID corresponding to “user A”
and the viewing place corresponding to “living room” is
associated with “movie” as the video genre. Further, in the
second content selection table, the combination of the user
ID corresponding to “user B” and the viewing place corre-
sponding to “bedroom” is associated with “cosmetics” as the
video genre. Further, in the second content selection table,
the combination of the user ID corresponding to “user C”
and the viewing place corresponding to “washroom” is
associated with “animation” as the video genre.

[0129] In the step S16, the processor 47 first selects the
video genre corresponding to the combination of the user ID
of the user 100 and the viewing place from the video genres
included in the second content selection table. For example,
when “user A” is obtained as the user ID of the user 100 in
the step S11, and “living room” is determined as the viewing
place in the step S15, the processor 47 selects “movie” from
the video genres included in the second content selection
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table. The processor 47 performs the same processing as the
processing described in the first embodiment after selecting
the video genre to thereby determine the projection content.
[0130] As described above, in the step S16, the processor
47 executes determining the projection content as a type of
the image based on a combination of the user ID as the first
information and the information representing the viewing
place as the second information. In other words, the display
method according to the second embodiment includes deter-
mining the projection content as a type of the image based
on the combination of the user ID as the first information and
the information representing the viewing place as the second
information. Further, the second information includes the
information representing the viewing place as a place where
the user is located, and determining the projection content as
the type of the image includes determining the projection
content as the type of the image based on the combination
of the user ID as the first information and the viewing place.
[0131] As shown in FIG. 10, the processor 47 executes the
step S16 described above, and then controls (step S17) the
optical device 41 so that the image light L representing the
image of the projection content is projected. Since the
processing in the step S17 in the second display processing
is the same as the processing in the step S6 in the first display
processing, the description related to the step S17 will be
omitted.

[0132] FIG. 14 is a diagram showing a condition in which
the image light L is projected toward the first direction D1.
For example, as shown in FIG. 14, when the processor 47
controls the optical device 41 so that the image light L
representing the projection content is projected in the state
in which the projection direction Dp of the projector is
turned to west as an example of the first direction D1, the
image light L is projected westward from the projector 10A.
As a result, the image of the video content determined as the
projection content is displayed on the west side wall surface
240 located at the front direction side of the user 100 out of
the wall surfaces of the room 200.

[0133] As described above, in the steps S14 and S17, the
processor 47 controls the optical device 41 and the drive
device 30 to thereby execute projecting the image light L.
representing the image of the projection content as the image
of the determined type toward the first direction D1. In other
words, the display method according to the second embodi-
ment includes projecting the image light L. representing the
image of the projection content as the image of the deter-
mined type toward the first direction D1 with the projector
10A.

Advantages of Second Embodiment

[0134] As described above, the display method according
to the second embodiment includes obtaining the user ID as
the first information for identifying the user 100 based on the
output of the microphone 48 as the first sensor, obtaining the
information representing the user direction Du and the
viewing place as the second information related to the
position of the user 100 based on the output of the first
camera 49 as the second sensor, determining the first direc-
tion D1 based on the information representing the user
direction Du as the second information, determining the
projection content as the type of the image based on the
combination of the first information and the information
representing the viewing place as the second information,
and projecting the image light L representing the image of
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the projection content as the image of the determined type
toward the first direction D1 with the projector 10A.
[0135] In the display method according to the second
embodiment, similarly to the first embodiment, the projec-
tion content is determined based on the first information of
identifying the user 100 and the second information related
to the position of the user 100, and the image light L
representing the image of the projection content is projected
toward the first direction D1 determined based on the second
information.

[0136] Thus, there is increased the possibility that the
image of the video content suitable for the individual
attribute and the position of the user 100 is displayed on the
projection surface which is easy for the user 100 to visually
recognize. Therefore, according to the display method in the
second embodiment, it is possible to enhance the conve-
nience of the user 100 when using the projector the projec-
tion direction Dp of which is variable.

[0137] In the display method according to the second
embodiment, the second information includes the informa-
tion representing the user direction Du as the second direc-
tion in which the user 100 is located with respect to the first
camera 49 as the second sensor, and determining the first
direction D1 includes determining the opposite direction to
the user direction Du which is the second direction as the
first direction D1.

[0138] As described above, by determining the opposite
direction to the second direction in which the user 100 is
located with respect to the second sensor as the first direction
D1, it is possible to display the image of the projection
content on the projection surface which is located at the front
direction side of the user 100, namely the projection surface
which is easy for the user 100 to visually recognize, and
therefore, the convenience of the user 100 is enhanced.
[0139] In the display method according to the second
embodiment, the second information further includes the
information representing the viewing place as a place where
the user 100 is located, and determining the projection
content as the type of the image includes determining the
projection content as the type of the image based on the
combination of the user ID as the first information and the
viewing place.

[0140] In the first embodiment, the projection content is
determined based on the combination of the user ID as the
first information and the sound source direction Ds. Since
the sound source direction Ds is consistently a direction in
which the user 100 is located with respect to the second
sensor, it is difficult to determine the place where the user
100 is located, namely the room or the like to be the viewing
place, from the sound source direction Ds.

[0141] Therefore, as described above, by determining the
projection content based on the combination of the user 1D
as the first information and the viewing place, it is possible
to display the image of the video content which is suitable
for the individual attribute of the user 100 and the viewing
place on the projection surface, and therefore, the conve-
nience of the user 100 is further enhanced compared to the
first embodiment.

[0142] In the display method according to the second
embodiment, the second sensor is the first camera 49 for
taking an image in one direction, obtaining the second
information includes obtaining the first image including the
user 100 based on the output of the first camera 49, deter-
mining the user direction Du as the second direction based
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on the first image, obtaining the second image including the
area located in the first direction D1 based on the output of
the first camera 49, and determining the viewing place based
on the second image.

[0143] As described above, by determining both of the
user direction Du and the viewing place based on the first
image and the second image obtained from the first camera
49, it is possible to accurately obtain the second information
related to the position of the user 100 using a single camera.
[0144] In the display method according to the second
embodiment, the first sensor has at least one microphone 48,
and obtaining the first information includes obtaining the
voiceprint data of the user 100 based on the output of at least
one microphone 48, and obtaining the user ID which is the
identification information representing the user 100 as the
first information based on the voiceprint data.

[0145] As described above, by obtaining the voiceprint
data as biological data unique to the user 100 based on the
output of at least one microphone 48, it is possible to
accurately obtain the user ID of the user 100 as the first
information.

[0146] The display system 2 according to the second
embodiment is provided with the microphone 48 as the first
sensor, the first camera 49 as the second sensor, the optical
device 41 for projecting the image light L, the drive device
30 for turning the direction in which the image light L is
projected to the predetermined direction, and the processor
47. The processor 47 executes obtaining the user ID as the
first information for identifying the user 100 based on the
output of the first sensor, obtaining the information repre-
senting the user direction Du as the second information
related to the position of the user 100 based on the output of
the second sensor, determining the first direction D1 based
on the information representing the user direction Du as the
second information, determining the projection content as
the type of the image based on the combination of the first
information and the information representing the viewing
place as the second information, and projecting the image
light L representing the image of the projection content as
the image of the determined type toward the first direction
D1 by controlling the optical device 41 and the drive device
30.

[0147] In the display system 2 according to the second
embodiment, the projection content is determined based on
the first information of identifying the user 100 and the
information representing the viewing place as the second
information related to the position of the user 100, and the
image light L. representing the image of the projection
content is projected toward the first direction D1 determined
based on the information representing the user direction Du
as the second information.

[0148] Thus, there is increased the possibility that the
image of the video content suitable for the individual
attribute and the position of the user 100 is displayed on the
projection surface which is easy for the user 100 to visually
recognize. Therefore, according to the display system 2 in
the second embodiment, it is possible to enhance the con-
venience of the user 100 when using the projector 10A the
projection direction Dp of which is variable.

Third Embodiment

[0149] A third embodiment of the present disclosure will
hereinafter be described.
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[0150] FIG. 15 is a block diagram schematically showing
a functional configuration of a display system 3 according to
the third embodiment. As shown in FIG. 15, the display
system 3 is provided with a projector 10B and the drive
device 30 as constituents having respective functions. The
projector 10B according to the third embodiment coincides
with the projector 10A according to the second embodiment
in the point that there are provided the optical device 41, the
input device 42, the communication device 43, the speaker
45, the memory 46, the processor 47, and the microphone
48.

[0151] The projector 10B is different from the projector in
the point that a second camera 50 is provided as the second
sensor instead of the first camera 49. The difference between
the third embodiment and the second embodiment will
hereinafter be described in detail.

[0152] The second camera 50 is a digital camera for taking
an image in a 360-degree direction centering on the second
camera 50. For example, the second camera 50 is attached
on an upper surface of a chassis of the projector The second
camera 50 outputs taken image data representing a taken
image to the processor 47.

[0153] Then, an operation of the display system 3 config-
ured as described above will be described.

[0154] FIG. 16 is a flowchart showing third display pro-
cessing to be executed by the processor 47 in the third
embodiment. When the voice signal is input to the processor
47 from the microphone 48 in a period in which the
processor 47 operates in the voice standby mode, the pro-
cessor 47 retrieves the program from the memory 46 and
then executes the program to thereby execute the third
display processing shown in FIG. 16. By the processor 47
executing the third display processing, a display method
according to the third embodiment is realized.

[0155] FIG. 17 is a plan view showing an installation
example of the display system 3. In the example shown in
FIG. 17, the display system 3 is installed at the center in the
room 200 disposed at home of the user 100 similarly to the
example shown in FIG. 5. In the following description, as
shown in FIG. 17, it is assumed that the processor 47
operates in the voice standby mode in a state in which the
projection direction Dp of the projector 10B is the eastward
direction, and at the same time, the user 100 is located at the
east side of the display system 3. The second camera 50
takes an image in a 360-degree direction centering on the
second camera 50.

[0156] When the user 100 utters in the situation shown in
FIG. 17, the voice signal is output to the processor 47 from
the microphone 48. When the voice signal is input to the
processor 47 from the microphone 48 in the period in which
the processor 47 operates in the voice standby mode, the
processor 47 starts the third display processing shown in
FIG. 16.

[0157] As shown in FIG. 16, when the processor 47 starts
the third display processing, the processor 47 first performs
(step S21) the user authentication based on the voice signal
input from the microphone 48 and the user information
stored in advance in the memory 46. The step S21 includes
the steps S21a, S215, S21¢, and S21d. Since the processing
in the step S21 in the third display processing is the same as
the processing in the step S11 in the second display pro-
cessing, the processing in the step S21 will hereinafter be
briefly described.
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[0158] In the step S21, the processor 47 first performs the
frequency analysis on the voice signal output from the
microphone 48 to thereby obtain (step S21a) the voiceprint
data of the user 100. The processor 47 determines (step
S215) whether or not the registered voiceprint data coincid-
ing with the voiceprint data of the user 100 is present in the
user information. When the registered voiceprint data coin-
ciding with the voiceprint data of the user 100 is present in
the user information (Yes in the step S215), the processor 47
obtains (step S21c¢) the user ID associated with the registered
voiceprint data coinciding with the voiceprint data of the
user 100 out of the user IDs included in the user information
as the user ID of the user 100.

[0159] On the other hand, when the registered voiceprint
data coinciding with the voiceprint data of the user 100 is not
present in the user information (No in the step S215), the
processor 47 controls (step S21d) the speaker so as to output
a sound of notifying the user 100 of the fact that the user
authentication has failed. After the processor 47 executes the
step S21d, the processor 47 terminates the third display
processing to return to the voice standby mode.

[0160] As described above, in the step S21, the processor
47 executes obtaining the first information of identifying the
user 100 based on the output of the first sensor. In other
words, the display method according to the third embodi-
ment includes obtaining the first information of identifying
the user 100 based on the output of the first sensor. In the
third embodiment, the user ID corresponds to the first
information, and the microphone 48 corresponds to the first
sensor.

[0161] Subsequently, the processor 47 determines (step
S22) the viewing place based on the taken image data input
from the second camera 50. Similarly to the second embodi-
ment, the viewing place means a place where the user 100
is located.

[0162] Forexample, as shown in FIG. 17, when the second
camera 50 takes the image in the 360-degree direction in the
state in which the display system 3 is installed at the center
of the room 200, the taken image data representing the taken
image in which an area included in a 360-degree range
centering on the second camera 50 out of the area in the
room 200 shows up is output from the second camera 50 to
the processor 47.

[0163] Inthe step S22, the processor 47 determines one of
the plurality of viewing place candidates as the viewing
place based on the taken image data. For example, in the
plurality of viewing place candidates, there are included
rooms such as a living room, a bedroom, and a washroom.
In the memory 46, as the reference image data, there is
stored in advance image data obtained by imaging the inside
of the rooms as the viewing place candidates using the
second camera 50.

[0164] Specifically, in the step S22, the processor 47
calculates the similarity between the taken image repre-
sented by the taken image data and the reference image
represented by the reference image data using the image
processing such as pattern matching. The reference image is
an image obtained by imaging the inside of the room as the
viewing place candidate using the second camera 50 as
described above. Further, the processor 47 determines the
viewing place candidate where the taken image the highest
in similarity to the reference image is obtained out of the
plurality of viewing place candidates as the viewing place.
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[0165] As described above, in the step S22, the processor
47 executes obtaining the second information related to the
position of the user 100 based on the output of the second
sensor. In other words, the display method according to the
third embodiment includes obtaining the second information
related to the position of the user 100 based on the output of
the second sensor. The second information includes the
information representing the viewing place as the place
where the user 100 is located. In the third embodiment, the
second camera 50 for taking an image in the 360-degree
direction corresponds to the second sensor.

[0166] Further, in the display method according to the
third embodiment, obtaining the second information
includes obtaining a third image including an area included
in the 360-degree range centering on the second camera 50
based on the output of the second camera 50, and determin-
ing the viewing place based on the third image. As described
above, out of the taken image obtained from the second
camera 50, the taken image in which the area included in the
360-degree range centering on the second camera 50 shows
up corresponds to the third image.

[0167] As shown in FIG. 16, the processor 47 executes the
step S22 described above, and then determines (step S23)
the first direction D1 based on a combination of the user ID
of the user 100 and the viewing place. Specifically, in the
step S23, the processor 47 determines the first direction D1
based on the combination of the user ID of the user 100 and
the viewing place, and a direction setting table stored in
advance in the memory 46. FIG. 18 is a diagram showing an
example of the direction setting table. As shown in FIG. 18,
the direction setting table is data representing correspon-
dence relationships between combinations of the user IDs
and the viewing places, and first direction candidates.
[0168] For example, in the direction setting table, the
combination of the user ID corresponding to “user A” and
the viewing place corresponding to “living room” is asso-
ciated with “west” as the first direction candidate. Further, in
the direction setting table, the combination of the user 1D
corresponding to “user B” and the viewing place corre-
sponding to “bedroom” is associated with “east” as the first
direction candidate. Further, in the direction setting table,
the combination of the user ID corresponding to “user C”
and the viewing place corresponding to “bedroom” is asso-
ciated with “ceiling” as the first direction candidate.
[0169] In the step S23, the processor 47 determines the
first direction candidate corresponding to the combination of
the user ID of the user 100 and the viewing place out of the
first direction candidates included in the direction setting
table as the first direction D1. For example, as shown in FI1G.
17, when “user A” is obtained as the user ID of the user 100
in the step S21, and “living room” is determined as the
viewing place in the step S22, the processor 47 determines
“west” as the first direction D1 out of the first direction
candidates included in the direction setting table.

[0170] As described above, in the step S23, the processor
47 executes determining the first direction D1 based on the
information representing the viewing place as the second
information. In other words, the display method according to
the third embodiment includes determining the first direction
D1 based on the information representing the viewing place
as the second information. Determining the first direction
D1 includes determining the first direction D1 based on the
combination of the user ID as the first information and the
viewing place.



US 2024/0007597 Al

[0171] As shown in FIG. 16, the processor 47 executes the
step S23 described above, and then controls (step S24) the
drive device 30 so that the projection direction Dp of the
projector 10B is turned to the first direction D1. More
specifically, in the step S24, the processor 47 controls the
yaw angle 0 of the first drive device 31 and the pitch angle
a of the second drive device 32 so that the projection
direction Dp of the projector 10B is turned to the first
direction D1.

[0172] FIG. 19 is a diagram showing a condition in which
the projection direction Dp of the projector 10B is turned to
the first direction D1. For example, as described with
reference to FIG. 17, when the processor 47 determines
“west” as the first direction D1 in the state in which the
projection direction Dp of the projector 10B is set in the
eastward direction, the processor 47 controls the drive
device 30 so that the projection direction Dp of the projector
10B is turned from east to west. As a result, as shown in FIG.
19, by the projector 10B rotating 180 degrees counterclock-
wise centering on the yaw axis Y, the projection direction Dp
of the projector 10B is turned to west.

[0173] As shown in FIG. 16, the processor 47 executes the
step S24 described above, and then determines (step S25)
the projection content based on the combination of the user
ID of the user 100 and the viewing place. Specifically, in the
step S25, the processor 47 determines the projection content
based on the combination of the user ID of the user 100 and
the viewing place, and the second content selection table
which is shown in FIG. 13 and is stored in advance in the
memory 46.

[0174] In the step S25, the processor 47 first selects the
video genre corresponding to the combination of the user ID
of the user 100 and the viewing place from the video genres
included in the second content selection table. For example,
when “user A” is obtained as the user ID of the user 100 in
the step S21, and “living room” is determined as the viewing
place in the step S22, the processor 47 selects “movie” from
the video genres included in the second content selection
table. The processor 47 performs the same processing as the
processing described in the first embodiment after selecting
the video genre to thereby determine the projection content.
[0175] As described above, in the step S25, the processor
47 executes determining the projection content as the type of
the image based on the combination of the user ID as the first
information and the information representing the viewing
place as the second information. In other words, the display
method according to the third embodiment includes deter-
mining the projection content as the type of the image based
on the combination of the user ID as the first information and
the information representing the viewing place as the second
information. Further, determining the projection content as
the type of the image includes determining the projection
content as the type of the image based on the combination
of the user ID as the first information and the viewing place.
[0176] As shown in FIG. 16, the processor 47 executes the
step S25 described above, and then controls (step S26) the
optical device 41 so that the image light L representing the
image of the projection content is projected. Since the
processing in the step S26 in the third display processing is
the same as the processing in the step S6 in the first display
processing, the description related to the step S26 will be
omitted.

[0177] FIG. 20 is a diagram showing a condition in which
the image light L is projected toward the first direction D1.
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For example, as shown in FIG. 20, when the processor 47
controls the optical device 41 so that the image light L
representing the projection content is projected in the state
in which the projection direction Dp of the projector 10B is
turned to west as an example of the first direction D1, the
image light L is projected westward from the projector 10B.
As a result, the video content determined as the projection
content is displayed on the west side wall surface 240
located at the front direction side of the user 100 out of the
wall surfaces of the room 200.

[0178] As described above, in the steps S23 and S26, the
processor 47 controls the optical device 41 and the drive
device 30 to execute projecting the image light L. represent-
ing the image of the projection content as the image of the
determined type toward the first direction D1. In other
words, the display method according to the third embodi-
ment includes projecting the image light L. representing the
image of the projection content as the image of the deter-
mined type toward the first direction D1 with the projector
10B.

Advantages of Third Embodiment

[0179] As described above, the display method according
to the third embodiment includes obtaining the user ID as the
first information for identifying the user 100 based on the
output of the microphone 48 as the first sensor, obtaining the
information representing the viewing place as the second
information related to the position of the user 100 based on
the output of the second camera 50 as the second sensor,
determining the first direction D1 based on the information
representing the viewing place as the second information,
determining the projection content as the type of the image
based on the combination of the first information and the
second information, and projecting the image light L. repre-
senting the image of the projection content as the image of
the determined type toward the first direction D1 with the
projector 10B.

[0180] Similarly to the first embodiment and the second
embodiment, in the display method according to the third
embodiment, the projection content is determined based on
the first information of identifying the user 100 and the
second information related to the position of the user 100,
and the image light L representing the image of the projec-
tion content is projected toward the first direction D1
determined based on the second information.

[0181] Thus, there is increased the possibility that the
image of the video content suitable for the individual
attribute and the position of the user 100 is displayed on the
projection surface which is easy for the user 100 to visually
recognize. Therefore, according to the display method in the
third embodiment, it is possible to enhance the convenience
of the user 100 when using the projector the projection
direction Dp of which is variable.

[0182] In the display method according to the third
embodiment, the second information includes the informa-
tion representing the viewing place as a place where the user
100 is located, and determining the first direction D1
includes determining the first direction D1 based on the
combination of the user ID as the first information and the
viewing place.

[0183] As described above, by determining the first direc-
tion D1 based on the combination of the user ID as the first
information and the viewing place, it is possible to display
the image of the projection content on the projection surface
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which is easy for the user 100 to visually recognize in
accordance with the individual attribute of the user 100 and
the viewing place, and therefore, the convenience of the user
100 is enhanced.

[0184] In the display method according to the third
embodiment, determining the projection content as the type
of the image includes determining the projection content as
the type of the image based on the combination of the user
ID as the first information and the viewing place.

[0185] In the first embodiment, the projection content is
determined based on the combination of the user ID as the
first information and the sound source direction Ds. Since
the sound source direction Ds is consistently a direction in
which the user 100 is located with respect to the second
sensor, it is difficult to determine the place where the user
100 is located, namely the room or the like to be the viewing
place, from the sound source direction Ds.

[0186] Therefore, as described above, by determining the
projection content based on the combination of the user 1D
as the first information and the viewing place, it is possible
to display the image of the video content which is suitable
for the individual attribute of the user 100 and the viewing
place on the projection surface, and therefore, the conve-
nience of the user 100 is further enhanced compared to the
first embodiment.

[0187] In the display method according to the third
embodiment, the second sensor is the second camera 50 for
taking the image in the 360-degree direction, and obtaining
the second information includes obtaining the third image
including the area included in the 360-degree range center-
ing on the second camera 50 based on the output of the
second camera, and determining the viewing place based on
the third image.

[0188] As described above, by determining the viewing
place based on the third image obtained from the second
camera 50 for taking the image in the 360-degree direction,
it is possible to accurately obtain the second information
related to the position of the user 100 using the single
camera.

[0189] In the display method according to the third
embodiment, the first sensor has at least one microphone 48,
and obtaining the first information includes obtaining the
voiceprint data of the user 100 based on the output of at least
one microphone 48, and obtaining the user ID which is the
identification information representing the user 100 as the
first information based on the voiceprint data.

[0190] As described above, by obtaining the voiceprint
data as biological data unique to the user 100 based on the
output of at least one microphone 48, it is possible to
accurately obtain the user ID of the user 100 as the first
information.

[0191] The display system 3 according to the third
embodiment is provided with the microphone 48 as the first
sensor, the second camera 50 as the second sensor, the
optical device 41 for projecting the image light L, the drive
device 30 for turning the direction in which the image light
L is projected to the predetermined direction, and the pro-
cessor 47. The processor 47 executes obtaining the user ID
as the first information for identifying the user 100 based on
the output of the first sensor, obtaining the information
representing the viewing place as the second information
related to the position of the user 100 based on the output of
the second sensor, determining the first direction D1 based
on the second information, determining the projection con-
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tent as the type of the image based on the combination of the
first information and the second information, and projecting
the image light [ representing the image of the projection
content as the image of the determined type toward the first
direction D1 by controlling the optical device 41 and the
drive device 30.

[0192] In the display system 3 according to the third
embodiment, the projection content is determined based on
the first information of identifying the user 100 and the
information representing the viewing place as the second
information related to the position of the user 100, and the
image light [ representing the image of the projection
content is projected toward the first direction D1 determined
based on the information representing the viewing place as
the second information.

[0193] Thus, there is increased the possibility that the
image of the video content suitable for the individual
attribute and the position of the user 100 is displayed on the
projection surface which is easy for the user 100 to visually
recognize. Therefore, according to the display system 3 in
the third embodiment, it is possible to enhance the conve-
nience of the user 100 when using the projector 10B the
projection direction Dp of which is variable.

[0194] Although the embodiments of the present disclo-
sure are hereinabove described, the scope of the present
disclosure is not limited to the embodiments described
above, and a variety of modifications can be made within the
scope or the spirit of the present disclosure.

[0195] For example, in the first embodiment and the
second embodiment described above, there is illustrated the
aspect in which the sound source direction Ds as the second
direction in which the user 100 is located, and user direction
Du, and the first direction D1 are each represented by four
directions of north, south, east, and west. The present
disclosure is not limited thereto, and each of the directions
can be represented by a coordinate defined by the yaw angle
0 and the pitch angle .

[0196] For example, in the first embodiment described
above, there is illustrated the aspect in which the projection
direction Dp which is the direction in which the image light
L is projected from the projector 10 to the first direction D1
by changing the orientation of the projector 10 with the drive
device 30 externally attached to the projector 10. The
present disclosure is not limited thereto, and there can be
disposed a drive device for turning the direction in which the
image light is projected from the optical device to a prede-
termined direction, inside the chassis of the projector. This
drive device can be a device for mechanically changing the
orientation of the optical device, or can also be a device for
changing a proceeding direction of the image light with an
optical element such as a mirror. As described above, the
projector provided with the first sensor, the second sensor,
the optical device, the drive device, and the processor can be
said as the display system according to the present disclo-
sure.

Conclusion of Present Disclosure

[0197] Hereinafter, the conclusion of the present disclo-
sure will supplementarily be noted.

Supplementary Note 1

[0198] A display method includes obtaining first informa-
tion which is configured to identify a user, based on output
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of a first sensor, obtaining second information which is
related to a position of the user, based on output of a second
sensor, determining a first direction based on the second
information, determining a type of an image based on a
combination of the first information and the second infor-
mation, and projecting image light representing the image of
the type toward the first direction with a projector.

[0199] The type of the image demanded by the user is
different not only by an individual attribute such as the age,
the gender, a job, or a hobby but also by the position of the
user in some cases. In the display method according to
Supplementary Note 1, the type of the image is determined
based on the first information of identifying the user and the
second information related to the position of the user, and
the image light representing the image of the determined
type is projected toward the first direction determined based
on the second information.

[0200] Thus, there is increased the possibility that the
image of the type suitable for the individual attribute and the
position of the user is displayed on the projection surface
which is easy for the user to visually recognize. Therefore,
according to the display method in Supplementary Note 1,
it is possible to enhance the convenience of the user when
using the projector the projection direction of which is
variable.

Supplementary Note 2

[0201] The display method according to Supplementary
Note 1, wherein the second information includes informa-
tion representing a second direction in which the user is
located with respect to the second sensor, and the determin-
ing the first direction includes determining an opposite
direction to the second direction as the first direction.
[0202] As described above, by determining the opposite
direction to the second direction in which the user is located
with respect to the second sensor as the first direction, it is
possible to display the image of the determined type on the
projection surface which is located at the front direction side
of the user, namely the projection surface which is easy for
the user to visually recognize, and therefore, the conve-
nience of the user is enhanced.

Supplementary Note 3

[0203] The display method according to Supplementary
Note 2, wherein the determining the type includes deter-
mining the type based on a combination of the first infor-
mation and the second direction.

[0204] As described above, by determining the type of the
image based on the combination of the first information and
the second direction, it is possible to display the image of the
type suitable for the individual attribute of the user and the
second direction in which the user is located on the projec-
tion surface located at the front direction side of the user, and
therefore, the convenience of the user is enhanced.

Supplementary Note 4

[0205] The display method according to one of Supple-
mentary Note 2 and Supplementary Note 3, wherein the
second sensor has a plurality of microphones, and the
obtaining the second information includes calculating a time
difference generated between times at which a sound wave
reaches respective microphones from a sound source based
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on output of the plurality of microphones, and determining
the second direction based on the time difference.

[0206] As described above, by calculating the time differ-
ence between the times at which the sound wave reaches the
respective microphones from the sound source based on the
output of the plurality of microphones, it is possible to
accurately obtain a direction in which the sound source is
located with reference to the second sensor as the second
direction in which the user is located.

Supplementary Note 5

[0207] The display method according to Supplementary
Note 2, wherein the second information further includes
information representing a place where the user is located,
and the determining the type includes determining the type
based on a combination of the first information and the
place.

[0208] In the display method according to Supplementary
Note 3, the type of the image is determined based on the
combination of the first information and the second direc-
tion. Since the second direction is consistently a direction in
which the user is located with respect to the second sensor,
it is difficult to determine the place where the user is located,
from the second direction.

[0209] Therefore, by determining the type of the image
based on the combination of the first information and the
place where the user is located as in the display method
according to Supplementary Note 5, it is possible to display
the image of the type which is suitable for the individual
attribute of the user and the place on the projection surface,
and therefore, the convenience of the user is further
enhanced compared to the display method according to
Supplementary Note 3.

Supplementary Note 6

[0210] The display method according to Supplementary
Note 5, wherein the second sensor is a first camera config-
ured to take an image in one direction, and the obtaining the
second information includes obtaining a first image includ-
ing the user based on output of the first camera, determining
the second direction based on the first image, obtaining a
second image including an area located in the first direction
based on the output of the first camera, and determining the
place based on the second image.

[0211] As described above, by determining both of the
second direction in which the user is located and the place
where the user is located based on the first image and the
second image obtained from the first camera, it is possible
to accurately obtain the second information related to the
position of the user using the single camera.

Supplementary Note 7

[0212] The display method according to Supplementary
Note 1, wherein the second information includes informa-
tion representing a place where the user is located, and the
determining the first direction includes determining the first
direction based on a combination of the first information and
the place.

[0213] As described above, by determining the first direc-
tion based on the combination of the first information and
the place where the user is located, it is possible to display
the image of the determined type on the projection surface
which is easy for the user to visually recognize in accor-
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dance with the individual attribute of the user and the place,
the convenience of the user is enhanced.

Supplementary Note 8

[0214] The display method according to Supplementary
Note 7, wherein the determining the type includes deter-
mining the type based on a combination of the first infor-
mation and the place.

[0215] In the display method according to Supplementary
Note 3, the type of the image is determined based on the
combination of the first information and the second direc-
tion. Since the second direction is consistently a direction in
which the user is located with respect to the second sensor,
it is difficult to determine the place where the user is located,
from the second direction.

[0216] Therefore, by determining the type of the image
based on the combination of the first information and the
place where the user is located as in the display method
according to Supplementary Note 8, it is possible to display
the image of the type which is suitable for the individual
attribute of the user and the place on the projection surface,
and therefore, the convenience of the user is further
enhanced compared to the display method according to
Supplementary Note 3.

Supplementary Note 9

[0217] The display method according to one of Supple-
mentary Note 7 and Supplementary Note 8, wherein the
second sensor is a second camera configured to take an
image in a 360-degree direction, and the obtaining the
second information includes obtaining a third image includ-
ing an area included in a 360-degree range centering on the
second camera based on the output of the second camera,
and determining the place based on the third image.
[0218] As described above, by determining the place
where the user is located based on the third image obtained
from the second camera configured to take the image in the
360-degree direction, it is possible to accurately obtain the
second information related to the position of the user using
the single camera.

Supplementary Note 10

[0219] The display method according to any one of
Supplementary Note 1 through Supplementary Note 9,
wherein the first sensor has at least one microphone, and the
obtaining the first information includes obtaining voiceprint
data of the user based on output of the at least one micro-
phone, and obtaining identification information representing
the user as the first information based on the voiceprint data.
[0220] As described above, by obtaining the voiceprint
data as biological data unique to the user based on the output
of at least one microphone, it is possible to accurately obtain
the identification information representing the user as the
first information.

Supplementary Note 11

[0221] A display system including a first sensor, a second
sensor, an optical device configured to project image light,
a drive device configured to turn a direction in which the
image light is projected to a predetermined direction, and a
processor, wherein the processor is configured to execute
obtaining first information which is configured to identify a
user, based on output of the first sensor, obtaining second
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information which is related to a position of the user, based
on output of the second sensor, determining a first direction
based on the second information, determining a type of an
image based on a combination of the first information and
the second information, and controlling the optical device
and the drive device to thereby project the image light
representing the image of the type toward the first direction.
[0222] In the display system according to Supplementary
Note 11, the type of the image is determined based on the
first information of identifying the user and the second
information related to the position of the user, and the image
light representing the image of the determined type is
projected toward the first direction determined based on the
second information.

[0223] Thus, there is increased the possibility that the
image of the type suitable for the individual attribute and the
position of the user is displayed on the projection surface
which is easy for the user to visually recognize. Therefore,
according to the display system in Supplementary Note 11,
it is possible to enhance the convenience of the user when
using the projector the projection direction of which is
variable.

What is claimed is:
1. A display method comprising:
obtaining first information for identifying a user, based on
output of a first sensor;
obtaining second information which is related to a posi-
tion of the user, based on output of a second sensor;
determining a first direction based on the second infor-
mation;
determining a type of an image based on a combination of
the first information and the second information; and
projecting image light representing the image of the type
toward the first direction with a projector.
2. The display method according to claim 1, wherein
the second information includes information representing
a second direction in which the user is located with
respect to the second sensor, and
the determining the first direction includes determining an
opposite direction to the second direction as the first
direction.
3. The display method according to claim 2, wherein
the determining the type includes determining the type
based on a combination of the first information and the
second direction.
4. The display method according to claim 2, wherein
the second sensor has a plurality of microphones, and
the obtaining the second information includes
calculating a time difference between times at which a
sound wave reaches respective microphones from a
sound source based on output of the plurality of
microphones, and
determining the second direction based on the time
difference.
5. The display method according to claim 2, wherein
the second information further includes information rep-
resenting a place where the user is located, and
the determining the type includes determining the type
based on a combination of the first information and the
place.



US 2024/0007597 Al

6. The display method according to claim 5, wherein
the second sensor is a first camera configured to take an
image in one direction, and
the obtaining the second information includes
obtaining a first image including the user based on
output of the first camera,
determining the second direction based on the first
image,
obtaining a second image including an area located in
the first direction based on the output of the first
camera, and
determining the place based on the second image.
7. The display method according to claim 1, wherein
the second information includes information representing
a place where the user is located, and
the determining the first direction includes determining
the first direction based on a combination of the first
information and the place.
8. The display method according to claim 7, wherein
the determining the type includes determining the type
based on a combination of the first information and the
place.
9. The display method according to claim 7, wherein
the second sensor is a second camera configured to take
an image in a 360-degree direction, and
the obtaining the second information includes
obtaining a third image including an area included in a
360-degree range centering on the second camera
based on the output of the second camera, and
determining the place based on the third image.
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10. The display method according to claim 1, wherein

the first sensor has at least one microphone, and
the obtaining the first information includes
obtaining voiceprint data of the user based on output of
the at least one microphone, and

obtaining identification information representing the
user as the first information based on the voiceprint
data.
11. A display system comprising:
a first sensor;
a second sensor;
an optical device which projects image light;
a drive device configured to turn a direction in which the
image light is projected to a predetermined direction;
and
a processor programmed to execute
obtaining first information for identifying a user, based
on output of the first sensor,

obtaining second information which is related to a
position of the user, based on output of the second
Sensor,

determining a first direction based on the second infor-
mation,

determining a type of an image based on a combination
of the first information and the second information,
and

projecting the image light representing the image of the
type toward the first direction by controlling the
optical device and the drive device.
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